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68 APPENDIX. 

Iiass taken in the Shiawassee river, the Upper Saginaw, at Corunna, Mich. About 
one-fourth of the fish taken had one or more of the parasites. They are taken 
occasionally from the Niagara at Buffalo. I have diligently sought for the male 
without, as yet, finding him. 

EXPLANATION OF THE FIGURES. 

Fig. 1. Dorsal view of female; e, ovisacs; o, ovaries; o, alimentary canal; 
Ml, mouth ; at .c, 1/ and 2, are the appendages shown in Fig. 2. 

Fig. 2. Thoracic appendage; 0, protopodite; 6, exopodite; c, endopodite. 

Fig. 3. Mouth; «, first pair of antenna-; b, second antennte; n, mandibles; 
/ foot-jaws. 



SO.ME OBSERVATIONS UPON THE DESTRUCTIVE POWERS OF 
CERTAIN INSECTS. 

BY C. M. VORCE. 

Almost every microscopist is familiar with that interesting object, the "pro- 
rtnlrieulns" or gizzard of the cricket, as well as the corresponding organ of the 
civkroach, and doubtless the first has impressed most observers with its appear- 
aniv of destructive power ; indeed, to view its hard, sharp, knife-like teeth or pro- 
tvssos and its remarkably powerful compressor muscles, reminds the observer of 
the resistless force of the quartz crushing mill. The question at once suggests 
itself: what purpose is this highly developed organ designed to serve in the gen- 
eral economy of nature? Its specific object in the insect's organization is plainly 
to cut and crush, in fact to masticate, the food taken into the stomach. But the 
crii'ket is not commonly classed as a destructive insect and is rather considered 
liarniU'ss, and so far as economic ends are concerned it appears to be harmless. 

Tliesi' nilirtious invite comparison of the masticatory and digestive appara- 
tus of the cricket with that of the notoriously destructive locust, or grasshopper, 
the c(H'kroach, and other destructive insects. 

Starting with the harmless cricket, we should expect to find its destructive 
n-lative, the locust, armed with a terrible enginery of destruction, but on exami- 
nation this expi>ctation is not realized. The gizzard of the grasshopper (Calop- 
leiiii.->) is weakly, armed with but a single circlet of inconspicuous teeth, short and 
blunt, seemingly capable of but little crushing or cutting action. Nearly the 
eutiiv lesopliagiis, however, of the locust is set with rows of numerous small, sharp, 
thorn-like teeth, almost exactly the shajK) of pike's teeth, pointing backward, and 
inidcrlaid by loi\gitudinal nuiseles which are apparently capable of action inde- 
IK'udently of each other, thus giving exactly the feed motion of the sewing ma- 
chine. Near the gizzard these teeth are set on separate chitinous plates, three to 
seven teeth on a plate. Nearer the nuinth they are sit in long rows on longitudi- 
nal chitinous ridges and are longi'r than thosi' on tlie plates. These thorn-like 
teeth can, liowivi'r, cHect little, if any, comminution of the food, and so far as 
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masticatory power is concerned, the destrnetive locust seems l)iit a >seakling in 
comparison with the harmless cricket. 

But to test this deductiim by results we examine the contents of the intestinal 
canal which have passed tlu action of the gizzard, and here we find that the food 
of the locust has in fact undergone but little masticiition. liarge tracts of unal- 
tered vegetable cells are found, and sometin\es long uncoiled filaniiiits of spiral 
tissue, with occasional veritable "chunks" of vegcti'blc tissue, swallowed whole 
and remaining so. But the food of the cricket is found to be thoroughly masti- 
cated, very little of the contents of the intestine e.in be identified, and the greater 
part is completely amorphous. The same conditions are found to exist in each 
case in the voided excrement. The comparison extended to the eoekroaeh (/'ri'- 
planeta) shows that this voracious insect is also weakly armed for destrui-tion, in 
comparison witli the cricket, though much better provided than the loeu>t. The 
gizzard of the cockroach, so well known, consists of six large pyramidal teeth, set 
in a circle, and covered with smaller teeth on the edge and sides, and wli'n forced 
past each other by the strong muscles wliieh surround them, ihcy eouslitnte a 
grinding apparatus on the same plan as the well known cornsheller and eotl'ee mill, 
and fully justify the destructiveness altriltuted to their possessor. 

The mole-cricket (Ori/llotalpHs), on account of his retiring disposition, is little 
known to most people, and consequently has not ae<inired what is c-.illed a ''gen- 
eral reputation." Entomologists, however, credit him with some degree of destruc- 
tiveness. Having unearthed hira we find liim proviiled with a well <levelo|)ed giz- 
zard armed with six double rows of small blunt teeth, each jdaced on a larger 
chitinous plate, and each double row divided by a long, narrow, senate e(lgo<l 
chitinous plate, capable of a reciprocating !ongit\idinal motion, tlius funning a 
perfect saw. Each double row of gastric teeth witli its median saw is separated 
from the adjoining rows by a deep furrow-lik' fold, in which the nHinl>iane seems 
very dilatable. Extending forward from each of the six rows of gastric ti'cth is a 
single row of six to eight flat, thin, chitinous teeth, fringed at the end with finger- 
like processes, giving each tooth exactly the outline of tlie familiar scale of the 
sole. These teeth in the mounted slide overlap eacli other like shingliv, l>nt in the 
natural state they stand up at a considerable angle. All the teeth in and out of 
the gizzard proper point backward in all of the insects examined. 

The various species of gras.shopper do not differ much in their masticatory 
apparatu..!. The common brown "flying grasshopper," as it is called, seems fully 
as well equipped in this respect as the dreaded Kocky Mountain locust {('nlojilenm 
sprelm), to investigate whose doings the government sent a "Locust Commission," 
at great expense but with good results. All our eonnnon Kpe<'ies of gr.issliopj)er, 
if very numerous, might do immense damage, and judging from tlieir great 
fecundity, as discovered in dis,section, tlieir increase is only kept within liounds by 
various parasites and other enemies, and l)y thorough cultivation. 

The katydid (C'onoce/)A«/!(.s) has a gizzard more like that of the ci-icket than 
the others. It consists of six rows of large sharp-edged teeth, of a form difficult 
to describe without drawings, not notched like those of the cricket but lined im 
the edge and the front portion of the top with tine serratures, and infolding with 
a row of smaller sharp-edged teeth on each side, each compound row separated by 
serrate longitudinal bands of chitin. Each row of the large serrate teeth is pre- 
ceded by a single row of six to ten broad, flat, overlai)ping teeth, each fringed with 
a row of bristles, which from the third tooth extends around the intervening two 
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tooth to tho liaso of the first large tooth in the gizzard proper; from the third 
tooth (coimtinK fri>ni tho gizzard) these brusli-lilce teeth rapidly diminish in nize. 
JiKlgiiig from tliis powerful apparatus we might expect the katydid to excel the 
locust and cockroach in destrnctiveness, bnt again wc find its common reputation 
difloroiit from its appan'iit capabilities, as it is considered perfectly innocent of 
harm. 

Keflocting upon what other factors may enter into the power of destruction, 
tlioro soonis hut two necessary to he considered — the biting power and the digestive 
capacity, for it may be assumed that all the insects we are considering are blessed 
with equally good apiK'tites, always ready for a meal and equally capable of seek- 
ing and finding it. Cinnparing then the biting ai)i)aratus of the same insects 
whose gizzards we have examined, we find them all well developed and powerful; 
evidently none of them lack power in this resiwct, but the locust may be given 
pro-eniinoiico. His jaws, or niandil)les, are broad, thick, deep-notched and sharp- 
o<Igi'<l, and a vertical section through the hoa<I shows that they are moved by heavy 
muscular bands attached to the sides and top of the large thick-walled head. It 
is no longer wonderful that ho <'an so readily bite the hard, silicious stems of grass 
and straw, whosi' cuticles are found in his stomach. The well authenticated stories 
of crops I'aton up in one day, socni not even singular in view of such biting power 
as w<' lind tho locust to possess. Tho mandibles of the katydid are nearly the 
same form, and those of the cricket nearly as powerful. 

Xow, turning attention to the matter of digestive power, we find again the 
locust bettor provided than any of the others. Surrounding the crop are six long 
blind sacs, ii|K'ning into tho stomach, each with a smaller sac opening at its base, 
and which comniunioato with a multitude of small but long secreting vessels 'or 
tubes, secreting a reddish li<iuid which is apparently the same as that so freely 
l>ourc<l from tho mouth of the locust when held captive in the hand, and which is 
doid>tloss in sonic degree both salivary and gastric, though this could only be sat- 
isfactorily (letormlned by chemical tests. The corresponding vessels of the other 
insects are less extensively developi'd, and hence presumably less efficient, whence 
tho conclusi(m seems to follow, that tho crickets and mole-crickets bite and thor- 
oughly masticate their food, exerting but a moderate digestive action upon it, and 
the cockroach bites and thoroughly masticates his food, at the same time efTecting 
a more complolo digestion of it, while the locust and katydid bite ofT and digest 
their I'ood, to the o.xtont of thoroughly softening it, with less mastication of it 
than the others, so that their food is more quickly passed ofl". And doubtless their 
great gastric dovelo])mcnt in some measure stimulates their desire for food and 
thus eonlributos to tlioir ravenous habits, which their speedy disposal of food ena- 
bles tlu'm to indulge. But the more complete destruction of their food by the 
crioktls and cookroaches depends chitHy en the nature of their food, which con- 
sists of roiii'U or partly decayed vegetation, all of which being soft, simple ma.sti- 
cation readily reduces, while tho locust feeds upon growing vegetation containing 
much silica and wooily tibro, which without thorough mastication resists the brief 
action of tho gastric juice and i>assos ofl' but little changed. 

So that the answer to tin- <|ucry that wo proposed to ourselves in the outset 
seems plainly this: The eriokot passes his life in reducing animal and de.id vog- 
olablo ni:ai,'r to a condition in which it may again enter the cycle of vegetable 
life, and being of comparatively limited digestive power, is by compensation gifted 
with extraordinary ma-licalory power, thus probably aceompli.shing as much to 
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this end as the gra*'shopper, whose work is not so I'onipletcly done. The t'aet that 
the grasshopper is constantly in siglit, and his work often carried to such excess a« 
to be injurious to man, while the cricket is mostly unseen and his work pretty 
much unknown, has caused the one to be branded as man's destructive enemy, 
while the other is unthonght of, although they are co-lahorers in the same tield, 
both literally and figuratively. 

It is a point of some interest to find that the larva of a .species of dragon-fly 
possesses a gizzard so strikingly like that of the cockroach that the chief difTcrencc 
seems to be that while the cockroach's gizzard has si.x teeth that of the dragon-fly 
larva has but four. Yet the food of this larva is soft-bodied larva and fliei*, and 
the crop often contains the entire eyes of small insects, in a condition suitable for 
immediate mounting in glycerine. 



THE PREPARATION AND MOUNTING OF DOUBLE iSTAININGS. 



BY C. C. MERRIM.\N'. 

There is no art of the microscopist more beautiful and interesting than that of 
bleaching and re-coloring vegetable tissues. In no other way can the wonderful 
process of plant growth be made manifest under the microscoi>e. Therefore, any 
suggestions tending to simplify the art and make it more generally practicable 
will be of interest to all workers in microscopic preparations. In my experiments 
with double staining I have found that different colors, or at least different pig- 
ments, vary greatly in the activity or penetrating power, with which they affect 
vegetable substances. Thus, an object prepared for staining may be left in .a 
strong solution of carmine for a day without having all its parts colored ; whereas 
in a log-wood or aniline dye of equal strength it would be. colored ])erfectly 
opaque in less than an hour. By taking advantage of this fact and immersing 
objects first in the color having the slowest action, then in another of greater 
activity, and so on, double, or even multiple staining becomes a sinii)le proces.s, 
instead of the very difficult and complicated one which has been j)u!)lished in our 
magazines. 

I will give the general details of the operation as I have now practised it for 
some little time. I do not claim that exactly the same formula will answer for all 
kinds of plant .specimens, or that all the colors given below should be u.sed in all 
cases. I merely give a general formula, which each ojK'rator will find it necessary 
to vary somewhat according to the results of his exix-rimenting. If I succeed in 
stimulating others to more detailed work, by showing how simple the jiroccss is in 
most cases, I will have accomplished my purpose. All vegetable preparation.s, 
whether parts of leaves or .sections of stems, should first .be fully decolorized in the 
common chlorinated soda solution, sold by all druggists as a <lis!nfectant. This 
result will be accomplished in most ca.ses in about one <lay. Then, after being 
thoroughly washed in pure water, the j>reparations should be placed in a solution 
of carmine of about the consistence of common carmine ink; and they may remain 
in this for a day. Pure carmine will readily dissolve in water with a few drops 
of aqua ammonia in it. After being washed, in two or three changes of ])ure 



